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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a power supply 
circuit for performing an appropriate protection operation 
and power supply to a load accordingly by accurately 
discriminating the abnormal operation of a boosting circuit or 
the like and the stable standby state of the load. 
SOLUTION: A load 302 is driven by a piezoelectric i 
transformer 301 that is driven by a boosting circuit 304 being 
controlled by a frequency control circuit 303 and a drive 
voltage control circuit 311. An output voltage Vp2 of the 
piezoelectric transformer 301 and a load current lo of the load 
302 are detected, and it is judged whether a value that is 
obtained by converting the load current lo to a voltage is 

equal to or less than a reference voltage Vs by a comparator 405. A delay circuit 402 sets long delay 
time when the load current lo is equal to or less than a reference and short delay time when an output 
voltage Yp2 that is equal to or more than a specific value is outputted. With the delay time (delay 
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♦NOTICES* 

JPO and INPIT are not responsiJble fox: any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the power circuit which drives the load which carries out the pressure up of the driver 
voltage in a booster circuit, inputs into a primary piezoelectric transformer side, and has the large 
impedance of temperature dependence wiHi Hie output voltage of the secondary of said piezoelectric 
transformer level predetermined in the load current which flows said load — smallness - the time ~ a 
too little current signal ~ outputting — too little, when said too little current signal is outputted, a current 
detection means and It is the power circuit characterized by having the means for stopping which stops 
actuation of said booster circuit, and a delay means to set up the time delay according to the level of said 
output voltage, and said means for stopping determining activation and the nonfulfllment of said 
actuation based on the existence of said too little current signal when said time delay passes. 
[Claim 2] said delay means is based on said temperature dependence of said load ~ starting ~ the 
maximum of time amount ~ size ~ the 1st time delay and the time amount to which said booster circuit 
results in a defect by abnormalities — smallness ~ the power circuit according to claim 1 characterized 
by setting up the 2nd time delay. 

[Claim 3] For said delay means, said output voltage is the power circuit according to claim 2 
characterized by setting up said 1st time delay when becoming size from a predetermined value. 
[Claim 4] a value predetermined [ means / said / delay ] in said output voltage ~ smalhaess ~ the time ~ 
said 2nd time delay ~ setting up ~ ** - the description ~ carrying out ~ being according to claim 2 ~ a 
power circuit . 

[Claim 5] Said too little current detection means is a power circuit according to claim 1 chaiacterized by 
detecting the load current of a cold cathode tube as said load. 

[Claim 6] Said delay means is a power circuit according to claim 2 characterized by setting up 5 - 6 
seconds as said 1st time delay, and setting up 0.05 - 0,15 seconds as said 2nd time delay, 
[Claim 7] For said delay means, said output voltage is the power circuit according to claim 3 
characterized by setting itp said 1st time delay size from said predetermined value by connecting to 
juxtaposition the capacitor of an addition to tiae capacitor which sets up said 2nd time delay, when 
becoming. 

[Claim 8] Said too little current detection means is a power circuit according to claim 1 characterized by 
having a rectification means to rectify said load current and to output a rectification signal, and a 
comparison means to compare said rectification signal and reference value and to output said too little 
current signal. 

[Claim 9] Said means for stopping is a power circuit according to claim 1 characterized by stopping 
impression of said driver voltage to said booster circuit when performing said actuation. 
[Claim 10] Said means for stopping is a power circuit according to claim 2 characterized by determining 
the nonfiilfiiment of said actuation when said delay means sets up said 1st time delay and said too little 
current signal has disappeared at the lime of progress of said 1st time delay. 

[Claim 1 1] Said means for stopping is a power circuit according to claim 2 characterized by opting for 
activation of said actuation when said delay means sets up said 1 st time delay and said too little current 
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signal is continuing at the time of progress of said 1st time delay. 

[Claim 12] Said means for stopping is a power circuit according to claim 6 characterized by opting for 
activation of said actuation after progress of 5 - 6 seconds when said cold cathode tube is not connected 
suitable for a load circuit 

[Claim 13] Said means for stopping is a power circuit according to claim 6 characterized by opting for 
activation of said actuation after progress of 5 - 6 seconds vdien not turning on said cold cathode tube. 
[Claim 14] Said means for stopping is a power circuit according to claim 2 characterized by opting for 

activation of said actuation after progress of 0.05 - 0.15 seconds when said booster circuits are 
abnormalities. 

[Claim 1 5] In the power circuit which drives the load which has the impedance which carries out the 
pressure up of the driver voltage in a booster circuit, inputs into a primary piezoelectric transformer side, 
and has temperature dependence with the output voltage of the secondary of said piezoelectric 
transformer level predetermined in the load current which flows said load ~ smallness ~ the time ~ a 
too little current signal ~ outputting ~ too little, when said too little current signal is outputted, a current 
detection means and It has the means for stopping which stops actuation of said booster circuit, and a 
delay means to set up the time delay according to the level of said output voltage. Said means for 
stopping The power circuit characterized by determining the nonfiilfilment of said actuation when said 
actuation is performed when the time check of said time delay is completed, and the time check of said 
time delay is interrupted on the way. 

[Claim 16] Said delay means is a power circuit according to claim 15 characterized by inputting said too 
little current signal and clocking said time delay. 

[Claim 17] Said delay means is a power circuit characterized by interrupting the time check of said time 
delay vs^ienthe input of said too little current signal is interrupted. 



[Translation done.] 
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precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of fhe Invention] This invention relates to the power circuit for performing current supply for the 
load from which an impedance tends [ especially ] to change through a piezoelectric transformer about a 
power circuit. 
[0002] 

[Description of the Prior Art] When abnormalities are detected working in the power circuit which 
makes the discharge tube etc. in order to protect a load and a power circuit, it is necessary to stop 
a power outlet. As a conventional power circuit equipped with such a function, there are some which are 
shown in JP,4-070869,B and JP,10-052068,A- 

[0003] Drawi ng 8 shows Ihe 1st example of a configuration of the conventional power circuit, and the 
detail is shown in JP,4-070869,B. The load electrical-potential-difference detection means according 
[ this power circuit ] to resistance 1 12 and 113, the 1st reference voltage generating means by resistance 
126 and the capacitor 127, The 2nd reference voltage generating means by resistance 123,124 and the 
capacitor 115, The power amplification section which consists of the IC section 100 which generates 
supply voltage based on two reference voltages and a load electrical-potential-difference detection 
value, resistance 104,107, a transistor 105, and the main transistor 106, It has the diode 109 for 
rectification connected to the secondary winding of the converter (transformer) 1 08 driven with the main 
transistor 106, and a converter 108, and the capacitor 110 which carries out smooth [ of the output of 
this diode 109 ], and is constituted. 

[0004] The IC section 100 The comparator 121 connected to the output transistor 102 which is 
connected to the comparator 101 and this comparator 101 into which the 1st reference voltage is 
inputted, and drives a transistor 105, the error amplifier 114 into which a load electrical-potential- 
difference detection value is inputted, and this error amplifier 1 14, The comparator 118 into which the 
output voltage and reference voltage Vr of a transistor 1 17,122 and a transistor 117 which drive the 
resistance 125 used as the load of a transistor 116 and Ihis transistor 116 connected to this comparator 
121 and resistance 124,125 are inputted. It has the transistor 120 which drives to the latch circuit 1 19 
and this latch circuit 119 which were connected to this comparator 118, and controls the input stage of 
the output transistor 102, and the oscillator 126 which outputs an oscillation frequency to a comparator 
101, and is constituted. 

[0005] In drawing 8 , the output transistor 102 operates with the output voltage VD of a comparator 101, 
and a transistor 105,106 operates with actuation of this output transistor 102. The main transistor 106 
drives the primary winding of a converter 108 with the frequency outputted from a comparator 101, and 
makes a secondary winding generate the alternating voltage which carried out the pressure up. After 
being rectified by diode 109, smooth [ of the output of this transducer 108 ] is carried out by the 
capacitor 110, and direct-current output voltage is outputted to an output terminal 111. The terminal 
voltage (Vout) of a capacitor 1 10 is taken out through the partial pressure circuit by resistance 112 and 
113, turns into input voltage of one terminal of the error amplifier 114, and is compared with reference 
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voltage Verr. The output voltage VB by this comparison result turns into one input voltage of a 
comparator 101. A comparator 101 performs the comparison with the output VA of an oscillator 126, 
the output voltage VB of the error amplifier 114, and the terminal voltage VC of resistance 124, a 
tTEUisistor 102 drives and, finally the energization condition of a converter 108 is controlled by the pulse 
period by this comparison result. The secondary-winding output voltage of a converter 108 changes vwth 
control of this energization condition. 

[0006] On the other hand, a transistor 1 16,122,1 17 drives and the terminal voltage VC of resistance 124 
changes with the output voltage of a comparator 121. Change and reference voltage Vr of this terminal 
voltage VC are compared by the comparator 118, and output voltage occurs from a comparator 1 18 at 
the time of VOVr. This comparator output is latched by the latch circuit 1 19, and a transistor 120 is 
turned on with this latch output. Output voltage stops arising in a converter 1 08, as a result of setting the 
base electrical potential difference of the output transistor 102 to zero level and a transistor's 
102,105,106 being un-flowing by ON of a transistor 120. 

[0007] Drawing 9 shows actuation of each part of the power circuit of drawing 8 . In a comparator 101, 
the one among the output voltage VB of the error amplifier 1 14 and the terminal voltage VC of 
resistance 124 where any or an electrical potential difference is lower is compared with VA. At the time 
of starting, the output voltage Vout of an output terminal 1 1 1 is zero, and the electrical potential 
difference VE by which a partial pressure is carried out by resistance 1 12,1 13 is zero. The partial 
pressure electrical potentid difference VE is compared with reference voltage Verr by the error 
amplifier 1 14. When the partial pressure electrical potential difference VE is zero, the output voltage VB 
of the error amplifier 1 14 is the maximum swing piece ****** to a forward side. Therefore, a 
comparator 101 compares output voltage VA and VC, and since the potential (terminal voltage VC) of a 
capacitor 1 1 5 rises after starting, charging gradually fi-om zero, the pulse width of the output voltage VD 
of a comparator 101 also spreads gradually. Thereby, a soft start is started. As for a transistor 122,1 17, a 
capacitor 115 is charged, as a result of the output of a comparator 121 becoming high-level and a 
transistor's 1 16 flowing, since the output VB of the error amplifier 1 14 is over reference voltage Vi in 
lie meantime. Before the terminal voltage VC of a capacitor 1 15 exceeds reference voltage Verr, the 
oulput voltage Vout of an output terminal 111 reaches a predetermined value, the input of the error 
amplifier 114 balances to VE** Verr, output voltage VB turns into below the reference voltage Vi, and a 
transistor 116 intercepts it. Here, the terminal voltage VC of a capacitor 1 1 5 is stabilized wilii the 
electrical potential difference decided by resistance 123, 124. 

[0008] If between output terminals 1 1 1 connects too hastily during operational stability of a power 
circuit, output voltage Vout will become zero. For this reason, the output voltage VB of the error 
amplifier 1 14 is shifted to a forward side, and exceeds reference voltage Vi. Consequently, a transistor 
116 flows and a capacitor 1 1 5 is charged with a transistor 117. When the terminal voltage of a capacitor 
115 exceeds reference voltage Verr, the output voltage of a comparator 1 18 is changed high-level, and 
this output voltage is latched to a latch cncuit 1 19. Thereby, a transistor 120 flows and the output 
transistor 102 becomes off. 

[0009] According to the power circuit shown in drawing 8 , there is the description that both the circuits 
of a soft start and short circuit protection can be formed by one capacitor 115. Moreover, in the process 
in which a protection network is operated, it can prevent that a protection network malfunctions by a 
short-time load short circuit, a short-time noise, etc. by estabUshing a time delay until a protection 
network operates. 

[0010] Drawing 10 shows the 2nd example of a configuration of the conventional power circuit. This 
power circuit is inverter equipment for making a electric-discharge lamp turn on, and that detail is 
shown in JP,2-065100^. This inverter equipment The resistance 205 connected to the switch 204 
connected to the output side of the resistance 203 connected to the diode bridge 201 for power sources, 
the capacitor 202 for smooth connected to this output, and the detection power-source line PL 1, and this 
resistance 203, and this switch 204, The partial pressure electrical potential difference by the resistance 
208,209 and resistance 208,209 which were connected with the anode of the capacitor 206 connected to 
the output side of resistance 203, the diode 207 connected to the outgoing end of the detection power- 
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source line PL 1, and this diode 207 between touch-down Rhine The electrical potential diHerence of Hht 
node of the transistor 210 considered as a base input, the resistance 21 1 connected with the anode of 
diode 207 between the collectors of a transistor 210, tiie resistance 213 connected with the collector of a 
transistor 210 between touch-down Rhine, and resistance 21 1 and 213 The transistor 214 considered as 
an input, The resistance 216,217,219 connected with the collector of a transistor 215 and this transistor 
215 to which the base was connected at the node of the resistance 210,212 connected with the collector 
of this transistor 214 in Rhine of the detection power-source line PL 1, and these resistance between 
touch-down Rhine, The output voltage of resistance 215 The transistor 218 to which it considered as the 
base input and the emitter was connected at the node of resistance 217 and 219, The resistance 220 and 
diode 221 which were connected with the emitter of this transistor 218 between the outputs of a diode 
bridge 201 and resistance 222, the output of a diode bridge 201 and the capacitor 223 inserted in the 
serial between touch-down Rhine, and a transistor 227 And between diode 228, and the collector of a 
transistor 227 and the cathode of diode 228 The connected diode 229, the ballast transformer 232 by 
which the 3rd coil N3 was connected between Rhine of the detection power-source Hne PL, and touch- 
down Rhine, the diode 230 connected to the end of a coil N3, the capacitor 23 1 connected with the other 
end of a coil N3 between diodes 230, Between the collector of a transistor 227, and the output of a diode 
bridge 201 Between the connected capacitor 223, and the output of a diode bridge 201 and the 1st coil 
Nl of the ballast transformer 232 Between the connected coil 224 with a center tap, the base of a 
transistor 227, and the end of the 2nd coil N2 It has the capacitor 234 connected between the filaments 
of the capacitor 225 by which the series connection was carried out and a coil 226, the electric-discharge 
lamp 233 (TLP) as a load connected between the output of a diode bridge 201, and the other end of the 
1st coil Nl, and this electric-discharge lamp 233, and is constituted. 

[001 1] A switch 204 is modulated hght SUITCHl, and if this switch 204 is turned on, parallel 
connection of the resistance 205 by which the series connection was carried out to this is carried out to 
resistance 208, the base electrical potential difference of a transistor 210 rises quickly, and a transistor 
210 serves as ON, and it will be in the condition that the usual modulated light actuation is performed. 
[0012] Drawing 1 1 shows change of the terminal voltage of the capacitor 206 of the power circuit of 
drawing 10 . Actuation of the power circuit of drawing 10 is explained using drawing 1 1 . AC power 
supply AC ~ a diode bridge 201 and a capacitor 202 ~ rectification ~ and smooth is carried out. If 
power is ajyplied to the 1st coil Nl of the ballast transformer 232 through a coil 224, feedback will be 
performed at the base of a transistor 227 through a coil 226 and a capacitor 225 from the 2nd coil N2 of 
the ballast transformer 232, and a transistor 227 will oscillate. Self-oscillation with a transistor 227 is 
started by this, the current of a predetermined period energizes continuously in the 1st coil Nl, high- 
frequency voltage is continued and outputted among the both ends of the 1st coil N1+ coil 224, and 
preheat current is supplied to a electric-discharge lamp 233. The generated high-frequency voltage is 
taken out from the control winding N3 of the ballast transformer 232, and the electrical potential 
difference by which rectification smooth was carried out by diode 230 and the capacitor 23 1 is taken out 
through the detection power-source line PL 1, and it is supplied to the control circuit ******(ed) by the 
transistor 210,214,215,218. 

[0013] Since the electrical potential difference which charges a capacitor 206 has not arisen at the 
beginning [ of powering on], a transistor 214 is in an OFF state. Therefore, both the transistors 215,218 
will be in an OFF state, and the base feedback resistcr of a transistor 227 will serve as high resistance by 
the serial of resistance 219,220, and a transistor 227 will be in the operating state depending on 
resistance 222. Consequently, a electric-discharge lamp 233 Will be in a modulated light condition, and 
the preheating of a elecfric-discharge lamp 233 will be performed in this condition. 
[0014] A capacitor 206 is gradually charged through resistance 203 as are shown in drawing 1 1 and time 
amount passes. And a transistor 214 will be tumed on if the terminal voltage of a capacitor 206 rises in 
time amount tl beyond a predetermined value. According to this, a transistor 215,218 is also tumed on, 
the both ends of resistance 219 short-circuit it, and the base feedback resister of a transistor 227 becomes 
the low resistance of only resistance 220 mostly, and will be in a full drive condition. Therefore, the 
high voltage occurs in a coil Nl, and a electric-discharge lamp 233 lights up. 
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[0015] Here, when a electric-discharge lamp 233 is hi the temunal condition of the lighting enguie 
perfomiance and does not light up, load impedance becomes high, it will be in a Hght load condition, 
and output voltage (tenninal voltage of a electric-d^charge lamp 233) will rise gradually. In this 
condition, as shown in drawing 1 1 , even if the both-ends electrical potential difference of a capacitor 
206 passes over time amount t2, it continues a rise. And after the predetermined time decided by the 
time constant which consists of resistance 203, a capacitor 206, resistance 208, and resistance 209 (time 
amount t3), a transistor 21 0 is turned on and both the transistors 214,21 5,21 8 are cut off. Thereby, a 
power circuit changes to modulated light mode, inverter output voltage is lowered, and each part of a 
circuit is protected from the high voltage. In addition, since the both-ends electrical potential difference 
of a capacitor 206 does not rise so much when a electric-discharge lamp 233 lights up normally, a 
transistor 210 is not turned on but an inverter curcuit continues rated lighting of a electric-discharge lamp 
233. 

[0016] Drawing 12 shows the configuration of the conventional power circuit which used the 
piezoelectric transformer. This power cucuit is an inverter which drives a cold cathode tube as a load, 
and that detail is shown in JP,10-052068,A. It also sets to the inverter using a piezoelectric transformer, 
and the protection network is prepared for the purpose of the exoergic reduction of degradation 
prevention of the property of a piezoelectric transformer, and passive circuit elements at the time of 
opening of a load. 

[0017] This power circuit is equipped with the driver voltage control circuit 3 1 1 connected to the 
overvoltage protection circuit 310, the frequency control circuit 303, and the overvoltage protection 
circuit 310 which were connected to the piezoelectric transformer 301 to which the load 302 was 
connected, the frequency control circuit 303 connected to the load 302, the booster circuit 304 combined 
with the piezoelectric transformer 301 , the load 302, and the frequency control circuit 303, and is 
constituted. 

[0018] Drawing 13 shows the output characteristics of a piezoelectric transformer 301. A piezoelectric 
transformer 301 forms a primary lateral electrode and a secondary electrode in tabular piezo-electric 
ceramics, and is constituted. By impressing the alternating voltage of resonance frequency to a primary 
lateral electrode, output voltage occurs in a secondary electrode according to the piezo-electric effect. 
This piezoelectric transformer 301 has a high output impedance, and as shown in drawing 13 , when the 
impedance of a load is high, a pressure-iqj ratio becomes high, and it generates the high voltage, in order 
to depend for that actuation on load impedance, the piezoelectric transformer 301 of such a structure and 
a property - electromagnetism ~ there is an advantage which can attain miniaturization and thin shape- 
ization as compared with a transformer, and it is observed by applications, such as a back light power 
source of a liquid crystal display. 

[0019] The frequency confrol circuit 303 The energization current of a load 302 The current potential 
conversion circuit 312 changed into an electrical-potential-dijfference value, and its output The uitegrator 
315 which finds the integral based on the output voltage **** 2 of the rectifying rectifier circuit 313, the 
comparator 314 in comparison with reference voltage Vref, and the overvoltage protection circuit 310, 
the output voltage of a comparator 3 14, and the output voltage of a comparator 316, reference voltage 
Vmin, and the output voltage of an integrator 315 It has VCO (voltage controlled oscilIator)317 which 
outputs confrol voltage Vr and Vvco based on the output voltage of the comparator 316 to compare and 
an integrator 315, and is constituted. 

[0020] A booster circuit 304 is equipped with 2 phase drive circuits 309 which drive the 1st 
autotransfonner 305, the 2nd autofransformer 306, the 1st switching fransistor 307, the 2nd switching 
transistor 308, and the 1st and 2nd switching transistor 307,308, and is constituted. Two phase drive 
circuits 309 drive the 1st and 2nd switchuig fransistor 307,308 based on the confrol voltage Vvco 
outputted from VC03 17. 

[0021] The overvoltage protection circuit 31 0 is equipped with the comparison block 320 which 
compares with the comparison electrical potential difference Vmax the output voltage of the partial 
pressure circuit 3 1 8 which pressures partially the output voltage of a piezoelectric transformer 301, the 
rectifier cfrcuit 319 which rectifies the output voltage of this partial pressure cfrcuit 318, and this 
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rectifier circuit 319, and is constituted. 

[0022] Next, actuation of a booster circuit 304 is explained. The 1 st switching transistor 307 and 2nd 
switching transistor 308 are turned on by turns with the clock of the opposition outputted from 2 phase 
drive circuits 309. Thereby, a power source is supplied to the upstream of the 1 st and 2nd 
autotransformer 305,306 from a power source VDD, and it charges as current energy. If the 1st and 2nd 
switching transistor 307,308 is turned off by turns, the 1st and 2nd autotransformer 305,306 will emit 
charge energy, respectively. With a piezoelectric transformer 301, the equivalence mput capacitance of a 
load 302, the upstream inductance of an autotransformer, and the inductance of the sum total of a 
secondary inductance, this charge energy is changed into a voltage resonance wave, and is impressed to 
the primary lateral electrode of a piezoelectric transformer 301. 

[0023] Next, actuation of the frequency control circuit 303 is explamed. The load current lo of a load 
302 is changed into an electrical-potential-difference value by the current potential conversion circuit 
312, and is further changed into direct current voltage in a rectifier circuit 313. This direct current 
voltage is compared with reference voltage Vref by the comparator 314. When dhect current voltage is 
small, a comparator 3 1 4 outputs a signal which goes up at a rate that the output of an integrator 3 1 5 is 
fixed to an integrator 315. The signal outputted from the integrator 315 is inputted uito VC0317. 
VC0317 outputs the frequency pulse in inverse proportion to the inputted electrical-potential-difference 
value, and when a transistor 307,308 drives on the frequency of 1/the 2, a piezoelectric transformer 301 
drives it. Therefore, when the load current lo is smaller than a predetermined value, the drive frequency 
of a piezoelectric transformer 301 continues a fall. 

[0024] The pressure-up ratio of a piezoelectric transformer 301 increases, and the load current lo 
increases in time as drive frequency f approaches resonance frequency fr, since the piezoelectric 
transformer 301 is set up so that drive frequency fl may be made into the starting point and it may 
become low as shown in drawing 13 . Drive frequency f continues a fall, and when the electrical 
potential difference inputted into a comparator 3 14 in the drive frequency fQ shown in drawing 13 
becomes larger than reference voltage Vref, as for a comparator 314, an output signal is generated so 
that the output of an integrator 315 may remain holding the last output value. Thereby, the output 
frequency of VC0317 becomes fixed, and a piezoelectric transformer 301 drives on the fixed frequency 
fO, and becomes fixed [ the load current lo ]. 

[0025] If the load current lo is changed and the input voltage of a comparator 314 becomes smaller than 
reference voltage Vref by impedance fluctuation of a load 302 etc. after a piezoelectric transformer 301 
begins to drive by constant frequency, piezoelectric transformer 301 drive frequency will begin a fall 
again. In the condition that comparator 3 14 input voltage does not become larger than reference voltage 
Vref, if the drive frequency of a piezoelectric transformer 301 continues falling, drive frequency will 
amount to f2 shown in drawing 13 . If drive fi^quency f2 is reached, since the output voltage Vint of an 
integrator 315 becomes higher than reference voltage Vmin, the input (output of an integrator 3 15) of a 
comparator 316 will output a reset signal Vr to an integrator 315. If an integrator 315 is reset, the output 
voltage Vs will become min. Consequently, the output of VC0317 becomes the highest frequency and a 
piezoelectric transformer 301 is driven by drive frequency fl. From this condition, the drive frequency 
of a piezoelectric transformer 301 begins to fall again. If the frequency which the input voltage of a 
comparator 314 becomes more than reference voltage Vref is found in process of this actuation, the 
output voltage of an integrator 315 will be locked and the output frequency of VC03 1 7 will become 
fixed. 

[0026] Two phase drive circuits 309 generate the output voltage Vgl and Vg2 from which a phase 
differs. Two phase drive circuits 309 repeat reversal of output voltage Vgl and Vg2, whenever Vvco is 
inputted from the frequency control circuit 303. In the driver voltage confrol circuit 311, when the drain 
electrical potential difference Vdl of the 1st switching fransistor 307 is inputted and the value of this 
drain electrical potential difference Vdl has exceeded rather than the predetermined value, time sharing 
of the input from a power source VDD is carried out to the 1st autotransformer 305 and 2nd 
autotransformer 306, and it is outputted to them, and it controls so that the drain electrical potential 
difference Vdl does not exceed a predetermined value. The frequency of this time-sharing output is 
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determined by Vvco &om VC03 17. Thereby, even if it changes a power soiirce VDD, it becomes 
possible to maintain high power convemon effectiveness as an inverter. 

[0027] Since load impedance is high, when the pressure-up ratio of a piezoelectric transformer 301 
becomes high and the piezoelectric transformer output voltage Vo becomes large, the overvoltage 
protection circuit 3 1 0 is formed in order that a piezoelectric transformer 301 may prevent carrying out 
the autoclasis by fault vibration. The piezoelectric transformer output voltage Vo outputted from the 
secondary electrode of a piezoelectric transformer 301 is impressed to the partial pressure circuit 318. 
After the output voltage of the partial pressure chcuit 318 is changed into direct current voltage Vr by 
the rectifier circuit 319, it is inputted into the comparison block 320. The comparison block 320 outputs 
two output signals ****! (signal which resets an integrator 315), and ****2 (signal which changes the 
upper limit of the output frequency of VC0317), when reference voltage Vmax is compared with the 
output voltage of a rectifier circuit 319 and it is in the condition of Vr>Vmax. **** l is a signal 
outputted only while input voltage is larger than reference voltage Vmax, and ****2 is a signal with 
which only a certain time amount (time amount taken for the output of an integrator 3 1 5 to change from 
the minimum electrical potential difference to a maximum voltage) continues an output, when input 
voltage becomes larger than reference voltage Vmax. 

[0028] Drawing 14 shows actuation of each part of the power circuit of dravring 12 . In drawing 14 , the 
drive frequency of a piezoelectric transformer 301 and the relation between the piezoelectric transformer 
output voltage Vo and output signals ****! and ****2 are shown. The output of an integrator 315 will 
become the minimum electrical potential difference, if an output signal **** 1 is inputted, therefore, if 
the division ratio of the partial pressure circuit 318 becomes large more than this, the output voltage Vo 
of the level of causing property degradation of a piezoelectric transformer 301 will become equal to the 
reference voltage Vmax after passage about a rectifier circuit 319 (Vo=Vmax) - it sets up like. 
[0029] In the case of the cold cathode tube with which a load 302 is used for the back hght of LCD for 
notebook computers, generally, the rated output of the piezoelectric transformer 301 used for this is 
about 4W. In such a piezoelectric transformer 301, it becomes the value which can prevent property 
degradation if the maximum of the output voltage Vo is set as about 1500V-2000V, and exceeds the 
lighting starting potential of a cold cathode tube (load 302). In drawing 13 , the frequency to which the 
output voltage of a rectifier circuit 319 becomes larger than reference voltage Vmax is f3. Although the 
output signal **** 2 is usually made into the fi-equency fl which shows the upper limit of the drive 
frequency of a piezoelectric transformer 301 to drawing 13 , the period when output voltage **** 2 is 
inputted into VC0317 changes to f4 of a frequency upper limit. 

[0030] Smaller [ the output voltage Vo of a piezoelectric transformer 301 ] than a predetermined value, 
when the load current lo is smaller than a predetermined value, the drive frequency of a piezoelectric 
transformer 301 carries out the sweep of between f2 from the frequency fl in drawing 13 . Moreover, 
more greatly [ the output voltage Vo of a piezoelectric transformer 301 ] than a predetermined value, 
when the load current lo is smaller than a predetermined value, the drive frequency of a piezoelecfric 
transformer 301 carries out the sweep of between G fi*om the frequency f4 of drawing 13 . Here, it is the 
case where the output voltage Vo of a piezoelectric transformer 301 becomes [ Current Ic ] smaller than 
a predetermined value more greatly than a predetermined value, at the load opening time by open circuit 
of a path cord. Since the output voltage Vo of a piezoelectric transformer 301 becomes large at the time 
of load opening stQcc load impedance is large, and connection of a load 302 is severed, the load current 
lo is zero. Since possibility that connection of a load 302 will return is continued few and the load 
current lo does not reach a predetermined value, this condition continues the sweep of the drive 
frequency of a piezoelectric transformer 301. 

[0031] The resonance wave which drives a piezoelectric transformer 301 sets up the inductance of an 
autotransformer 305,306 so that zero switching may become the optimal on the frequency fO of drawing 
13 , and it is made to become the sine wave of a half wave. Thereby, power conversion effectiveness as 
an inverter is made to best. 

[0032] In the configuration of drawing 12 , more greatly [ the output voltage Vo of a piezoelectric 
transformer 301 ] than a predetermined value, when the load current lo is smaller than a predetermined 
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value (at namely, the time of load opening), the drive frequency sweep of a piezoelectric transformer 
301 will continue a long period of time or eternally. Then, in drawing 13 , the j&equency fl which was 
the upper limit of the frequency-sweep range is switched to f4. By this treatment, collapse of the zero 
switching of a resonance wave in an autotransformer 305,306 decreases, and generation of heat of 
components can be reduced. 

[0033] By the way, in the inverter which uses a cold cathode tube as a load, when abnormalities are 
detected at the time of the injection of a power source VDD, a conflicting requirement is m time amount 
until an overvoltage protection circuit starts actuation. After making the 1 st [ the ] continue an inverter 
output at least 5 to 6 seconds or more after powering on, it is the demand which makes an output 
intercept. Moreover, it is the demand wiiich the 2nd is made to suspend the circuit actuation which 
drives a piezoelectric transformer 301 after powering on (for example, the instant for about 0.1 seconds), 
and intercepts an output. The reason is explained below. 

[0034] First, the reason of said 1st demand is explained. In the case of low temperature etc., a use 
ambient atmosphere may requhe the time amount for about 1 second by lighting from impression 
initiation of the electrical potential difference to a load (cold cathode tube). Under such an environment, 
since the impedance before lighting initiation of a cold cathode tube is high, by the time it falls an 
electrical potential difference to the impedance value which can start lighting after impression iiutiation, 
time amount longer than usual will be needed. Therefore, after powering on, after the condition of a cold 
cathode tube of not switching on the light continues 5 to 6 seconds or more, it is necessary to set up, in 
order to guarantee lighting of a cold cathode tube also at low temperature so that cutoff actuation of a 
protection network may be started. When it is in the situation which a cold cathode tube turns on after 
inverter powering on and 1 second temporarily and is made a setup by which actuation is intercepted 
after uiverter powering on and 0.5 seconds, originally, although the cold cathode tube should light up 
after [ of inverter powering on ] 1 second, a cutoff circuit operates before that, the circuit which drives a 
piezoelectric transformer 301 stops, and the fault that a cold cathode tube is un-switching on the light 
arises. In addition, recentiy, for improvement in safety, at the time of un-switching [ of a cold cathode 
tube ] on the light, as shown in JP,02-065100,A, a mode of operation is not changed but the demand 
which stops an inverter circuit completely is increasing. 

[0035] Next, the reason of said 2nd demand is explained. At the time of abnormalities which are 
represented by opening short trial, there is a case where booster circuit components fiime before fiising 
of a fiise. Opening or when it becomes short and the switching operation of a switching transistor stops, 
in a booster circuit, the coil and switching transistor from which this cause constitutes a booster circuit 
flow, and, thereby, a bigger current than always [ forward ] produces emitting smoke etc. Generally, the 
fiise is selected so that it may become 80% or less of fuse rated value about the passage current value of 
forward always. Therefore, hits may not be earned out even if a larger current than always [ forward ] 
passes in an instant. In such a case, emitting smoke etc. may be first produced on the components of a 
booster circuit rather than a fuse melts. However, generating of such a situation is not allowed on 
insurance. For this reason, when abnormalities are detected to a power up, it is necessary to stop the 
circuit which drives a piezoelectric transformer 301 within a certain time amount (for example, 0.1 
seconds). The 1st and 2nd demand described above is a conflicting requirement to the time amount to 
initiation of a cutoff circuit of operation. However, both are indispensable demands in order to operate 
the power circuit using a piezoelectiic transformer. 
[0036] 

[Problem(s) to be Solved by the Invention] However, according to the conventional power circuit, there 
is a problem described below. 

(1) The distinction cannot be performed, although actuation may have to be immediately suspended with 
the time of continuing actuation of a piezoelectric transformer when too little [ the load current ]. For 
example, when in the case of JP,10-052068,A one actuation of the 1st or 2nd switching transistor 
(307,308) stops by the piezoelectric transformer driving means while turning on the cold cathode tube, a 
piezoelectric transformer continues output actuation by the switching transistor of the direction which is 
operating with the condition that output voltage does not reach a predetermined value. 
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[0037] Drawing 15 shows the wave of each part in case one side of a switching transistor is non- 
actuation, (a) of drawing 15 shows the drive frequency of a piezoelectric transfonner 301, and since the 
load current lo has not reached a predetermined value, it is carrying out the sweep here on the 
frequencies fl-Q shown in drawing 13 . (b) of drawing 15 shows the load current lo. In case drive 
frequency passes through near the resonance frequency fr of a piezoelectric transformer 301, a 
momentarily big value produces the load current lo. (c) of drawing 15 shows the output voltage Vo of a 
piezoelectric transformer 301. Since the impedance of a cold cathode tube is falling to a lighting 
possible value, actual value is low more slightly than the output voltage at the time of normal lighting. 
[0038] However, since it does not have a difference remarkable m between at the time of normal 
lighting and the fault of a booster circuit when observing output voltage Vo, since the power circuit of 
IP,10-052068,A is the configuration of supervising only one output state and detecting abnormalities, 
both are undistinguishable. For this reason, the circuit which drives a piezoelectric transformer at the 
time of normal lighting cannot be stopped, a piezoelectric transformer will continue bemg driven also at 
the time of the fault of a booster circuit, and ttiere is a possibility of damagmg the components of a 
booster circuit. 

[0039] Although the actual value of the load current lo at the time of the fault of a booster circuit is 
close to zero as shown in (b) of drawing 15 , the distinction with the case where normal lighting is being 
carried out also at the time of load opening smce the load current lo is zero is possible. However, 
distinction of the case where you want to stop the drive of a piezoelectric transformer 301 like [ at the 
time of the fault of a booster circuit ] in an instant (for example, after 0.1 seconds), and the case where 
he wants to make an output continued for several [ at least ] seconds like [ at the time of load opening ] 
cannot be performed. 

[0040] (2) It is being iinable to change the time constant of the timer circuit to a halt of a drive circuit, or 
the change of a mode of operation. The power circuit (inverter) of each of said official report is a 
configuration which changes a halt or mode of operation of a drive circuit after specific time amount 
progress with a single time constant irrespective of the cause of abnormalities, when abnormalities are 
detected. For this reason, suitable control according to an abnormal condition or operating state cannot 
be performed. 

[0041] (3) It is that the correspondence to the demand of an output halt for insurance and power- saving 
in that case are imperfect. In the configuration of having been shown in JP,2-065100,A and JP,10- 
052 06 8 ,A, it has switchable composition in the mode of operation, but an output is not intercepted. 
When the demand about insurance incre^es and un-switching on tiie hght and load opening of a cold 
cathode tube are detected in recent years, there are many demands which intercept an output. Moreover, 
although it has composition which intercepts an output in JP,2-065100A> OSC, various kinds of 
comparators, and a halt of actuation of a transistor are omitted, for example. Although to intercept the 
electric power supply from the field of power-saving to each electronic parts which are not fimctioning 
is desired when not ftinctioning as a circuit, while an output is intercepted, it does not correspond with 
the conventional technique. 

[0042] Therefore, the purpose of this invention distinguishes exactly the stable waiting state of 
abnormality actuation of an output system, and a load, and is to offer the power circuit which enables it 
to perform current supply to the suitable protected operation and the suitable load according to each. 
[0043] 

[Means for Solving the Problem] In order that this invention may attain the above-mentioned purpose, 
as the 1st description, it carries out the pressure up of the driver voltage in a booster circuit, and inputs it 
into a primary piezoelectric transformer side. In the power circuit which drives the load which has the 
large impedance of temperature dependence with the output voltage of the secondary of said 
piezoelectric transformer level predetermined in ttie load current which flows said load ~ smallness ~ 
the time ~ a too little current signal ~ outputting - too little, when said too little current signal is 
outputted, a current detection means and It has the means for stopping which stops actuation of said 
booster circuit, and a delay means to set up the time delay according to the level of said output voltage. 
Said means for stopping When said time delay passes, the power circuit characterized by determining 
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activation and the nonMfibnent of said actuation based on the existence of said too little current signal 
is offered. 

[0044] According to this configuration, the cause which invites a malfiinction to the booster circuit 
which drives a piezoelectric transformer is a time of a cause being in the booster circuit itself, when 
unloaded condition and a load are in a high impedance condition. Then, unloaded condition is judged 
&om the load current, and the malfunction of a booster circuit is judged from the output voltage of a 
piezoelectric transformer. Halt actuation of a booster circuit is controlled based on these judgment 
results. When the malfunction of a booster circuit is judged, in order to specifically prevent generating 
of emitting smoke etc., when a booster circuit is stopped iromediately and only unloaded condition (high 
impedance condition) is judged, it considers that it is in the condition before a load is fallen and attached 
to a steady state, and postponement time amount until it stops a booster circuit is set up comparatively 
long. Thereby, if a halt of a driving means of operation can be appropriately performed to abnormality 
actuation of a booster circuit etc. and also it is the load (for example, cold cathode tube) from which load 
impedance tends to change, the hghting guarantee at the time of low temperature will be attained. 
[0045] Moreover, in order that this invention may attain the above-mentioned purpose, as the 2nd 
description, it carries out the pressure up of the driver voltage in a booster circuit, and inputs it into a 
primary piezoelectric transformer side. In the power circuit which drives the load which has the 
impedance which has temperature dependence with the output voltage of the secondary of said 
piezoelectric transformer level predetermined in the load current which flows said load ~ smahness ~ 
the time — a too little current signal ~ oulputting ~ too little, when said too little current signal is 
ou^utted, a current detection means and It has the means for stopping which stops actuation of said 
booster circuit, and a delay means to set up the time delay according to the level of said output voltage. 
Said means for stopping When the time check of said time delay is completed, seiid actuation is 
performed, when the time check of said time delay is interrupted on the way, it is characterized by 
determining the nonfulfilment of said actuation, and power circuit offer is made. 
[0046] According to this configuration, the condition of a load is judged by supervising the load current 
with a too little current detection means, and also detection of the fault of a piezoelectric transformer is 
judged based on the output voltage of a piezoelectric fransformer by the means for stopping, it grasps 
whether based on these results, abnormalities have arisen in the circuit, and whether abnormalities are in 
a load, and the timing which stops actuation of a booster circuit is determined. Thereby, if a halt of a 
driving means of operation can be appropriately performed to abnormality actuation of a booster circuit 
etc. and also it is the load (for example, cold cathode tube) from which load impedance tends to change, 
the lighting guarantee at the tune of low temperature will be attained. 
[0047] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on 
a drawing. Drawing 1 shows the power circuit by this invention. The power circuit of this invention is 
equipped with the driver voltage confrol circuit 3 1 1 and the cutoff section 400 which were connected to 
the overvoltage protection circuit 310, the frequency control circuit 303, and the overvoltage protection 
circuit 310 which were connected to the piezoelectric fransformer 301 to which the load 302 was 
connected, the frequency confrol circuit 303 connected to the load 302, the booster circuit 304 connected 
to the piezoelectric fransformer 301, the load 302, and the frequency confrol circuit 303, and is 
constituted. Fu is the fuse of a power source among drawing. Circuits other than cutoff section 400 have 
the same configuration as the power circuit shown in drawing 15 , or the same fiinction. Therefore, the 
explanation which overlaps below is omitted. 

[0048] The cutoff section 400 is equipped with the delay cfrcuit 402 which outputs the delay signal Vad 
based on the output signal VmLn of the too little current detector 401 which makes the load current lo an 
input signal, and this too little current detector 401, and the output voltage **** 2 of the overvoltage 
protection circuit 310, and the cutoff circuit 403 which outputs an output signal Voff based on the delay 
signal Vad, and is constituted. The too little current detector 401 is equipped with the comparator 405 
which compares the output voltage and reference voltage Vs of the rectifier circuit 404 which rectifies a 
load current (lo) detection value, and this rectifier circuit 404, and is constituted. 
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[0049] In the above configuration, the load current lo from a load 302 is inputted into the too little 
current detector 401 . The too little current detector 401 compares the rectification output voltage and 
reference voltage Vs which rectified and acquired the value which changed the load current lo into the 
electrical-potential-difference value in the rectifier circuit 404 by the comparator 405. When the 
rectification output voltage from a rectifier circuit 404 exceeds reference voltage Vs, a comparator 405 
generates the output signal of a high level. 

[0050] A delay circuit 402 operates, when the electrical potential difference of a low is inputted fi-om the 
too little current detector 401, and it outputs the predetermined delay signal Vad to the cutoff circuit 
403. Moreover, output voltage **** 2 is inputted into a delay circuit 402 from the overvoltage 
protection circuit 310. This output voltage **♦* 2 is outputted from the overvoltage protection circuit 
3 1 0, when the output voltage of a piezoelectric transformer 301 is larger than a predetermined value. A 
delay cu-cuit 402 is controlled by output voltage **** 2, and outputs two kinds of delay signals. That is, 
the delay signal Vad vdth which long time amount will pass by the time the cutoff circuit 403 makes 
cutoff actuation start when output voltage **** 2 is a high-level signal is outputted, and when ou^ut 
voltage **** 2 is a low level signal, a delay signal with which time amount until the cutoff circuit 403 
makes cutoff actuation start becomes short is outputted. 

[0051] The cutoff circuit 403 is a circuit which outputs the signal which stops the drive of a piezoelectric 
transformer 301 , when it continues beyond a certain time amount from a delay circuit 402 and the delay 
signal Vad continues being inputted. The generating time amount of the delay signal Vad outputted from 
a delay curcuit 402 is long vAule output voltage **** 2 is inputted uito the delay circuit 402 with a high 
level, and while output voltage **** 2 is inputted into the delay circuit 402 by the low, it becomes short. 
About the concrete numeric value of this long time amount and short time amount, it mentions later. The 
purpose of the cutoff circuit 403 is to prevent that circuit destructive prevention and the high voltage of a 
power source continue, and are outputted, when abnormalities occur for the load vy^ch is the electric 
power supply point of the case where abnormalities occur inside the circuit which constitutes a power 
source, or a power source. 

[0052] In addition, in drawing 1 , although it was made the configuration which impresses the output 
signal of the cutoff circuit 403 to the driver voltage control circuit 31 1, as long as it is the circuit which 
can stop the drive of a piezoelectric transformer 301, you may be other circuits other than driver voltage 
control circuit 311. 

[0053] Drawing 2 ~ drawing 5 show the timing of the drive circuit of dravflng 1 of operation. Drawing 2 
is a timing chart which shows actuation when a power circuit starts normally in ordinary temperature, 
(a) of drawing 2 is ON signal for starting the drive of a piezoelectric transformer 301 . When a control 
circuit besides substitution by the power source VDD is IC-ized, substitution by the start signal of IC of 
operation is also possible for this ON signal. By the injection of ON signal, the output voltage Vo of a 
piezoelectric transformer 301 begins to rise, and the time amount A of drawing 2 is reached very much 
at the ignition starting potential of a load 302 (cathode-ray tube). The load current lo begins to increase 
from this time amount A, and output voltage Vo decreases conversely for the negative-impedance 
property of a load 302. 

[0054] The reason the load current lo increases after the reason output voltage Vo rises after the 
injection of ON signal, and output voltage Vo reach cold cathode tube lighting stalling potential is for 
carrying out the sweep of the drive frequency of a piezoelectric transformer 301 to the number side of 
low firequency from a high-fiequency side. In order that there may be no load current lo immediately 
after ON signal injection, the output voltage of a comparator 405 is set to a low, and a delay circuit 405 
outputs a delay signal to the cutoff circuit 403. Mor^ver, when output voltage Vo exceeds a 
predetermined value, output voltage **** 2 is inputted from the overvoltage protection circuit 310 to the 
timing shown in (e) of drawing 2 . 

[0055] In the time amount B of drawi ng 2 , since the load current lo reaches a predetermined value, the 
output of a comparator 405 is set to a high level, and the delay signal Vad from a delay circmt 402 is set 
to a low. At this time, output voltage **** 2 is a low. The period when the delay signal Vad was 
outputted from the delay circuit 402 is shorter than time amount required when output voltage **** 2 is 
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a low, in order to make the cutoff circuit 403 generate a cutoff signal. Therefore, the cutoff circuit 403 
does not carry out cutoff actuation. 

[0056] Drawing 3 shows the actuation under the low-temperature environment of the power circuit of 
this invention. When a use ambient atmosphere is low temperature, as for a load 302 (cold cathode 
tube), an impedance becomes high rather than the time of ordinary temperature. Therefore, as shown in 
(b) of drawing 3 , output voltage Vo generates The long period high voltage, load impedance begins to 
fall gradually in the meantime, and a cold cathode tube starts hghting in time amount C soon. As shown 
in (e) of drawing 3 , as for the period of a high level, output voltage **** 2 (= overvoltage signal) is 
long compared with the time of ordinary temperature. The load current To starts incre^e from time 
amount C. In lime amount D, as the load current lo reaches a predetermined value and it is shown in (d) 
of drawing 3 , and the too little current signal Vmin changes to a low and shows coincidence at (f) of 
drawing 3 , the delay circuit signal Vad is set to a low. In this case, since [ that output voltage **** 2 
(overvoltage signal) is long ] the period input was carried out, in order for the delay circuit signal Vad to 
make cutoff actuation perform in the cutoff circuit 403, the delay signal Vad needs to carry out a long 
period output for a high level. However, since the period which was maintaining a high level has the 
delay circuit signal Vad shorter than a predetermined period, the cutoff circuit 403 does not perform 
cutoff actuation. 

[0057] Drawing 4 shows actuation of the power circuit at the time of no-load [ which is represented by 
open circuit of the path cord to a load ] . In this situation, in order that there may be no load, it becomes 
the same as the time when load impedance is very high, and as shown in (b) of drawing 4 , output 
voltage Vo continues the output of the high voltage. Moreover, in order that there may be no load, the 
load current lo does not flow. Therefore, as shown in (d) of drawing 4 , the too little current signal Vmin 
continues a high level after the injection of ON signal. As shown in (e) of drawing 4 , output voltage 
**** 2 (overvoltage signal) continues a high level. Consequently, output voltage **** 2 changes to a 
high level, and stops the drive of a piezoelectric transformer 301. 

[0058] Drawing 5 shows actuation of a power circuit in case a booster circuit is fault, an electrical- 
potential-difference value with the output voltage Vo near (b) of drawing 2 of forward always shown in 
(b) of drawing 5 in this situation — or there is completely nothing ~ it is that either. The load current lo 
is **** 0 as shown in (c) of drawing 5 . Therefore, as shown in (d) of drawing 5 , it is whether as for the 
overvoltage signal **** 2 which the too little current signal Vmin maintains a high level, and is shown 
in (e) of drawing 5 , only few periods output a high level, or to continue a low. Since it is only few 
periods even when the overvoltage signal Vad is set to a high level, after only a comparatively short 
period maintains a high level, the delay circuit signal Vad starts cutoff actuation, as time amount F is 
shown in (g) of drawing 5 , and stops the drive of a piezoelectric transformer 301 . 
[0059] Drawing 6 shows the detail configuration of the drive circuit of drawing 1 . All or some of the 
fiequency control circuit 303, overvoltage protection circuit 310, and driver voltage control circuit 31 1 
are mounted in one IC package except for the adjustment constant. A delay circuit 402 is equipped witib 
the capacitor 412 connected with the resistance 406a and 406b which forms a partial pressure circuit and 
the amplifier 406 which consists of transistor 406c, the resistance 407 used as the load of transistor 
406c, the capacitor 408 connected with the collector of transistor 406c between touch-down Rhine, 
resistance 409 and the capacitor 410, the switch 411 connected to the collector of transistor 406c, and 
this switch 411 between touch-down Rhiue, and is constituted. The resistance 413 connected to 
resistance 406a between the output terminal of a comparator 405 and the power source VDD is 
connected to the serial. 

[0060] The cutoff circuit 403 is equipped with capacitor 403d by which parallel connection was carried 
out to the resistance 403b and 403c connected between the collectors of transistor 403a which operates 
with the output signal of a delay circuit 402, and a power source VDD and transistor 403a, and 
resistance 403c, and transistor 403e, and is constituted. A collector is connected to the base of transistor 
403a, the base is connected to the collector of transistor 403a, and, as for transistor 403e, the emitter is 
coimected at the node (minute pressure spot) of Resistance 403b and 403c. Moreover, a rectifier circuit 
404 is equipped with capacitor 404b which carries out smooth [ of the rectification output of diode 404a 
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which rectifies the output of a load 302, and this diode 404a ], and load resistance 404c, and is 
constituted. 

[0061] Although the circuit built in IC operates in response to an electric power supply from a power 
source VDD, when the electrical potential difference more than predetermined is not impressed to the 
ON/OFF terminal, it has the composition that the electric power supply from VDD is intercepted. This 
power source VDD is an electrical potential difference always impressed, when AC adapters (or battery 
pack etc.) are connected to the notebook computer etc. Moreover, an ON/OFF signal is impressed in 
connection with a notebook computer being power switched off. 

[0062] a rectifier circuit 404 ~ the load current lo - rectification — and it carries out smooth. A 
comparator 405 compares the output voltage and reference voltage Vs of a rectifier circuit 404, and 
when reference voltage Vs is small, it ou^uts the electrical potential difference of a high level to a delay 
circuit 402 through resistance 413. Transistor 406c in an amplifier 406 is turned on while the electrical 
potential difference of a high level is impressed to the base, and it slushes the current Is from the 
ON/OFF signal line 415 into touch-down Rhine. The input of another side of a delay circuit 402 is the 
output voltage **** 2 of the overvoltage protection circuit 310, and inputs this electrical potential 
difference into a switch 411. While there is an input beyond a predetermined value, between the terminal 
flows through a switch 41 1 . A capacitor 412 is connected to the base of transistor 403a when this switch 
411 is switch-on. 

[0063] The cutoff circuit 403 transforms the current Is from the ON/OFF signal line 415 into the base 
electrical potential difference of transistor 403a. If a base electrical potential difference becomes higher 
than a predetermmed value, transistor 403a will be turned on and will ground ON/OFF Rhine through 
resistance 414 and diode 403 f. If transistor 403a is turned on, the ON state will be held and the flow of 
transistor 403a will once contmue. If ON/OFF Rhine is grounded through transistor 403a, the electrical 
potential difference currently impressed to IC from the ON/OFF signal line 415 will fall. Consequently, 
supply of the power source VDD into IC is suspended, and the drive of a piezoelectric transformer 301 
stops. 

[0064] Next, actuation of the configuration of drawing 6 is explained. If the load current lo becomes 
small according to a certain cause when a power source VDD is supphed and ON signal is impressed to 
the ON/OFF signal line 415, the too httle current detector 404, a delay circuit 402, and the cutoff circuit 
403 will perform actuation explained below, will Stop the drive of a piezoelectric transformer 301 , and 
will intercept output voltage Vo. 

[0065] When the load current lo is small, since it becomes lower [ the electrical -potential-difference 
conversion value ] than reference voltage Vs and the output of a comparator 1 9 is set to a low, transistor 
406c becomes off. At this time, the current Is from ON / OFF signal line 415 raises the base electrical 
potential difference of fransistor 403a by the circuit which consists of resistance 407,409 and a capacitor 
408,410. If, transistor 403a will be turned [ the charge to a capacitor 408,410 progresses and the base 
electrical potential difference of transistor 403 a comes to exceed a predetermined value ] on. Thereby, 
the ON/OFF signal line 415 is grounded through the circuit which consists of resistance 414, diode 403f, 
and transistor 403a. Consequently, the electrical potential difference firom the ON/OFF signal line 415 
currently impressed to IC falls remarkably, supply of a power source VDD in the circuit in IC is 
intercepted, and, therefore, the drive of a piezoelectric transformer 3 1 0 is stopped. When the 
piezoelectric transformer 310 stopped the drive, the output of a piezoelectric fransformer 301 disappears. 
In this case, the operating time until fransistor 403a turns on from the injection of an ON/OFF signal is 
about 0.1 seconds, and the drive of a piezoelectric transformer 301 stops it to ON and coincidence of 
transistor 403a mostly. 

[0066] The output voltage Vo of a piezoelectric transformer 301 is large, and it is in the condition that 
output voltage and VP2 is outputted from the overvoltage protection circuit 310, and actuation 

explained below when the electrical-potential-difference conversion value of the load current lo is 
smaller than reference voltage Vs since the load current lo is smaller than a predetermined value is 
performed, the drive of a piezoelecfric transformer 301 is stopped, and an output is intercepted. 
SUITCHI 41 1 is turned on when the overvoltage protection circuit 310 outputs the output voltage * *** 
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2 of a high level. 

[0067] The frequency which drives a piezoelectric transformer 301 the moment the overvoltage 
protection circuit 310 detected the overvoltage of output voltage Vo and, on the other hand, outputted 
output voltage **** 1 is changed into f4 from the frequency B shown in drawing 13 , and a frequency 
falls from f4 to 13 again. However, output voltage **** 2 is continuing and outputting the high level 
which turns ON a switch 411 in the meantime. For this reason, when load impedance continues a high 
impedance equivalent, as for output voltage ** ** 2, maintaining a high level like at the time of load 
opening, for example is continued. The above relation is as having been shovm in drawing 14 . While 
the sweep of the booster circuit 304 is carried out by the drive frequency f of a piezoelectric transformer 
301, a switch 41 1 continues an ON state and a capacitor 412 is continuing being connected to the base 
of transistor 403a. 

[0068] In addition, in the situation that the overvoltage protection circuit 310 outputs output voltage 
****1 and ****2, and transistor 406c is un-flovdng, it is important for the capacity value of a capacitor 
412 to set up, as it has been 5 - 6 seconds, after an ON/OFF signal is stq)plied before transistor 403a 
turns on. Therefore, since the direction in case the output voltage **** 2 from the overvoltage protection 
circuit 3 10 is a high level becomes [ the capacity value charged with Current Is ] large, it transistor 403a 
States, and by the time - SU power surge becomes late and stops the drive of a piezoelectric transformer 
301, long time amount will be needed. 

[0069] By the above, the cutoff circuit 403 shown in drawing 6 operates by about 0.1 seconds and short 
time amount to actuation of a cutoff circuit at the time of the fault of a booster circuit 304, and after it 
spends 5 - 6 seconds, and long time amount at the time of load opening, the condition before load 
hghting, and un-switching on the light according to load characteristic degradation, it operates. 
[0070] [Table 1] summarized actuation by the power circuit of this invention explained above. 



[Table 1] 




M^MM I o it 
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[0071] In [Table 1], although the time of detecting and intercepting late makes it 5 - 6 seconds for the 
time of load impedance of detecting booster circuit fault and intercepting early to be high in 0.1 seconds, 
this is the cenfral value in the case of the combination of a common piezoelectric transformer uiverter 
and a cold cathode tube, and can be changed according to the constant of a piezoelectric transformer 
inverter circuit, or the class of load. 

[0072] For example, ui the piezoelectric transformer inverter by the configuration of drawing 6 of the 
design by this mvention person, when making the back light of 10.4 inch LCD for notebook computers 
turn on, in darkness with an ambient temperature [ C ] of 0 degree, they are 6 mses by back light lighting 
from powering on. Therefore, in the combination of this piezoelectric transformer inverter LCD, even if 
it sets the time amount which load impedance detects a high thing for 0.01 seconds, and the time of 
detecting the fault of a booster circuit and intercepting early intercepts late as 0.5 seconds, dark lighting 
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with an ambient temperature [ C ] of 0 degree can be guaranteed, and the emitting smoke ignition at the 
time of the fault of a booster circuit can be prevented, for example. 

[0073] Drawing 7 shows the gestalt of other operations of the power circuit of this invention. The gestalt 
of the main configuration of this operation is the same as that of drawing 12 , is equipped with a 
piezoelectric transformer 301, the frequency control circuit 303, a booster circuit 304, 2 phase drive 
circuits 309, and the driver voltage control circuit 311, and it is constituted. And it replaces with the 
overvoltage protection circuit 310 of d rawing 12 , and is made the configuration which formed the 
cutoff section 400 (it has the too little current detector 401, a delay circuit 402, the cutoff circuit 403, a 
rectifier circuit 404, and a comparator 405) shown in drawing 9 . 

[0074] The 2nd autotransformer 306 and 2nd switching transistor 308 are deleted, the connection place 
of the output voltage Vg2 of 2 phase drive circuits 309 is lost, and the difference with the booster circuit 
304 of the booster circuit 23 in drawing 7 , drawing 1 , and drawing 6 is opened in a booster circuit 23 . 
In this booster circuit 23, when failure which the sv^itching operation of a switching transistor 307 
suspends occurs, a piezoelectric transformer 301 does not generate an output. Therefore, since transistor 
406c of the too litde current detector 401 becomes off since tiiere is no load current lo in this failure, and 
there is also no output voltage Vo of a piezoelectric transformer 301, llie output voltage **** 2 from the 
overvoltage protection circuit 3 10 is still a low, and does not flow through a switch 411. Thereby, an 
output iatercepts in about 0.1 seconds after after an ON/OFF signal injection. This condition is 
equivalent to the condition that there is no load current lo of [fable 1], and there is also no electrical 
potential difference Vo, and different [ that the value of Vo differs from the 1 st example ]. In addition, 
also in the gestalt of the 1st operation, when the fault the 1st switching transistor 307 and 2nd switching 
transistor 308 suspend [ both ] switching operation occurs, it is equivalent to the condition that there is 
no load current lo of [Table IJ, and there is £ilso ho electrical potential difference Vo. 
[0075] 

[Effect of the Invention] Since the output state firom a booster circuit to a piezoelectric transformer and 
impedance change of a load are detected, the time amount which enables a halt of a booster circuit of 
operation based on these is set up and it enabled it to stop actuation of a booster circuit based on this 
setup according to the power circuit of this invention as explained above, while being able to guarantee 
lighting actuation of a load when the load impedamce at the time of low temperature etc. is high etc., the 
abnormalities of an output system including a booster circuit can be coped with. That is, although time 
amount was taken by after [ electrical-potential-difference impression initiation ] lighting since the 
impedance of the cold cathode tube before electrical-potential-difference impression was high when a 
perimeter envu-onment was low temperature, it became possible by detecting output voltage and the load 
current to coincidence to distinguish abnormalities, such as a booster circuit. 
[0076] Moreover, when a cutoff circuit operates, and the ON/OFF electrical potential difference 
supplied to IC falls, the electric power supply &om a power source VDD to each circuit in IC is stopped 
within IC. Therefore, power consumption in IC at the time of output cutoff is made to zero, and low- 
power-ization at the time of output cutoff can be attained. 



[Translation done.] 
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